Forces at the Front (N/mm)

Inner Radius Bearing Connection
The bearing stress on the inner radius weld bars has been calculated and is shown in the table below. A 5mm wide bearing area of the weld bar is used in this calculation. The force P1, which is the force per unit length, given above, was used in this calculation. The largest bearing stresses occur in the front of the EB in the modules that are directly below the cryostat load. These bearing stresses approach 536MPa in modules interface 53-54 and 11-12, which exceeds the ultimate stress of the weld bar material. An acceptable limit of the bearing stress is less than 240 MPa. Using this as a criteria, module interfaces 5- 6, 6-7, 7-8, 8-9, 9-10, 10-11, 11-12 and 53-54, 54-55, 55-56, 56-57, 57-58, 58-59, 59 -60 will need to have extra bearing material placed between the modules in order to distribute the bearing force at the inner radius onto the master plates.
Front
Earlier tests on the ability of the front plate to withstand the bearing load at the inner radius have shown that plastic deformation of the front plate occurs when a bearing load of 38tons is applied to a submodule (1694 N/mm). Failure of the welds and the front plate occurred in these tests at a maximum load of 85 tons applied to three modules (3,789 N/mm). In these tests the entire bearing load was transferred through the front plate. In the back and middle of the EB, no modules have a force P1, which exceeds the yield load. In the front of the EB, however, modules 9-10, 10-11, 11-12, 12-13 and 54-55, 55-56, 56-57, 57-58, 58-59 exceed the yield load.
Connections Between Modules at the Outer Radius
The modules are connected together at their outer radius by a series of connecting plates. The details of this connection and the forces acting on it are shown in Fig. 1 . M30 bolts and 33mm diameter pins must resist tension and shearing forces at the outer radius. At the bottom of the extended barrel, the bearing force, P2, results in tension between the modules. This is resisted by replacing a portion of the M30 bolts with 33mm diameter pins in modules 1-6 and 58-64. At the very top of the extended barrel, the bearing force, P2, is also tension, however, this is much smaller than at the bottom so it will be resisted by generating a friction force by the M30 bolts. In the remainder of the detector, the bearing force, P2, is compression and this is resisted by the bearing surface between the outer radiuses of the modules.
Bearing Force at Outer Radius
The bearing force at the outer radius, P2, is distributed over a 37.5mm thick plate on the outer radius of the girder. Therefore, the bearing stress can be simply calculated as P2/37.5mm and is listed in the table below. The positions that are blank are in tension and the force P2 in those locations are carried by a 33mm diameter pin below the saddle or friction above the saddle. It can be seen in the table below that the bearing stresses are all small and within acceptable limits. 
Bearing Stress and their location at the Outer Radius
Tension Connection at the Outer Radius
The tension force, P2, at the outer radius will be carried by 33mm diameter pins in the modules below the saddle (module #'s 1-6 and 58-64) and by friction throughout the remainder of the EB.
The length of the module that a given set of 2 pins carries the force is 350mm. According to EUROCODE 3, chapter 6.5, the maximum design load on the pin connection is the minimal of Thus, the design load per pin is 355 kN. A set of pins is 710 kN, which is equivalent to 2,028 N/mm (710kN/350mm). The force P2 is below this value everywhere except at the front at modules interface 58-59 and 59-60, which have the values of 2,520 N/mm and 2330 N/mm, respectively.
Tension Connection Carried by Friction
In modules #7 to 57, the tension force at the outer radius, P2, is carried by friction. The maximum tension force in these modules occurs at the front of module #33 and is 597 N/mm. Using a coefficient of friction of .2, a normal force of 2,985 N/mm can be calculated to be needed for this friction force. There are two bolts for every 175mm of length, so the normal force per bolt is Fbolt = [(2,985 N/mm) * 175mm] / 2 = 261 kN.
The resulting normal force in the bolt is Fbolt / Area = 261 kN / 539mm 2 = 484MPa. Using a safety factor of 1.5 yields a pre-stress of 726. Therefore, a pre-stress must be applied to every bolt of 726 MPa in order to achieve the required friction force. 
Calculation of the Girder/Link Plate Bolt Stresses
At a given connection between modules, the force, Pt, is resisted as shown in Fig. 1 . Solving for the forces on the bolts we find
Pt is a force distributed over the length of the module in Z. L is the length of the module that a given bolt is acting upon, on average; this is one bolt per 175mm in modules 7-57 and 350mm in modules 1-6 and 58-64. -85,239 -74,844 -54,978 20,664 18,144 13,328 53 -244,860 -116,193 29,337 59,360 28,168 -7,112 54 -196,119 -67,914 205,821 47,544 16,464 -49,896 55 -25,410 -21,830 85,701 6,160 5,292 -20 A M30 class 10.4 bolt will be used, which has a yield stress of 1,000 N/mm 2 . The maximum normal stress occurs in the front part of Module #11 on bolt Fb1 and is 894 MPa. This is below the yield stress of the class 10.4 bolt, so all of the normal stresses on the bolts are within acceptable limits.
Link Plate Bolt Forces (N)
It had been planned to apply a pre-stress of 726 N/mm2 to the M30 bolts on the link plates in order to achieve the required friction force. A pre-stress of 726 N/mm 2 would give an additional safety factor of 1.72 (a safety factor of 1.25 per Eurode is already applied) on all of the bolts. This is an adequate pre-stress on all of the modules except at the front of module interfaces 10-11, 11-12, and by symmetry module interfaces 54-55, 55-56, which have normal stresses that exceed 726 N/mm 2 . In these special cases, a pre-stress of 894 N/mm 2 will be applied, which equals the maximum expected normal stress.
The shear stress of the internal threads of the bolted connection is calculated by The shears stresses on the internal threads are shown in the However, on 4 modules the pre-stress will have to be 894Mpa rather than 726 MPa, because of the high loads on those modules, in order to prevent separation of the link plate from the girder.
• The shear stresses in the M30 link plate bolts are within acceptable limits except on 2 modules where the acceptable level of stress is exceeded in the front of the EB.
In order to address the minor problems encountered in the connections described above, the following steps should be taken during the assembly of the EB.
1. Front Plate Bearing Load: In order to reduce the bearing stress at the Inner Radius, the following module interfaces will have a 30mm-wide aluminum placed on the master plates to better distribute the inner radius force, P1. A 30mm-wide shim was chosen, because it is known from earlier tests that the load will not be evenly distributed over this area and it is felt that this is a sufficient width to reduce the bearing force. Whereas, the high bearing stresses occur in the front of the EB, the shim will be placed along the entire length of the EB in order to avoid problems of distributing the load between the Inner Radius weld bars and the shims on the master plates.
Module interfaces: 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 51-52 52-53 53-54 54-55 55-56 56-57 57-58 58-59 59-60 2. Pin Stresses: The pin stresses are exceeded on 2 modules. This problem can be resolved by using 42mm diameter pins on the front link plate in the following module interfaces: 5-6 6-7 58-59 59-60 3. Pre-Stress: A pre-stress of 726 Mpa should be used on all modules except module interfaces 10-11, 11-12, 54-55, and 55-56 , which should use a pre-stress of 894.
M30 Thread Shear Stresses:
The maximum allowable shear stresses in the M30 bolts are exceeded at the front of 4 modules. This problem can be resolved by replacing the M30 bolts with M36 bolts in the front link plates of the problem modules. This will require that the problem modules will have the current M30 tapped holes in the back of the girder drilled out and tapped in place for a M36 thread. Several machinists have been consulted and feel that, if the modules are laid horizontally and a magnetic based drill is used, the M30 holes can be drilled out and the M36 thread can be power tapped. The most the drill/tap would protrude into the fiber area of the girder is 12-15mm and there is already this clearance between the fibers and the bottom of the girder. This solution would be required of the following module interfaces: 10-11 11-12 54-55 55-56
